Relatively little is known regarding the hormonal changes after injury in children. Adult protocols are often applied to children, although the latter often have different physiological responses to trauma. Twenty children with an angulated displaced fracture of the radius and/or ulna (injury severity score 9) were studied prospectively for changes in adrenaline, noradrenaline, cortisol, angiotensin II, arginine vasopressin, urea, electrolytes, and glucose. Two blood samples were taken: one on arrival at the accident and emergency department and one preoperatively several hours later. There were marked increases in adrenaline, noradrenaline, cortisol, and arginine vasopressin above the normal range. Five (25%) cases demonstrated greater early increases in adrenaline than those reported for adult injuries of similar severity. Early hypokalaemia in four cases had corrected towards normal within a few hours without potassium supplementation. (7Accid Emerg Med 1999;16: 104-107) 
Much is known about the neurohumoral stress response to injury from adult studies and animal experimentation. The early involvement of the sympathoadrenal system is well established. Plasma catecholamine concentrations rise early after injury' and in proportion to the degree of injury."4 Fear, haemorrhage, pain, and tissue damage are individually associated with rises in catecholamine concentrations.5 Increases in serum cortisol also occur after injury but these are less marked in severe than moderate trauma.67
Relatively little is known regarding the hormonal changes after injury in children. Regulation of fluid and electrolyte balance after thermal injury in children has been described,8 and relationships between circulating vasopressor hormones and blood pressure have been reported.9 After such injury, there is also a disruption of the secretion profile of thyroid hormonesl' and of glucose metabolism."
Frequent assumptions are made that paediatric responses mimic those of adults and consequently adult protocols are used in the treatment of their smaller and younger counterparts. However, children are less able to withstand some forms of trauma than adults'2 and their physiological responses may be different." '3 This study describes the early phase stress response in a small number of children with a given severity of injury with a view to identifying further avenues of research.
Methods

STUDY DESIGN
This prospective study was conducted in the accident and emergency (A&E) department of the Royal Hospital for Sick Children, Edinburgh. Approval was obtained from the Paediatric/Reproductive Medicine Ethics Board of the Medical Research Subcommittee of Lothian Health Board for the removal of two aliquots of blood from each patient. The first was to be taken on admission and the second several hours later. Informed verbal consent was obtained from the parent or accompanying adult person in every case. PATIENT 
CHARACTERISTICS
Patients were considered eligible for this study if they had sustained an angulated displaced fracture of the radius and/or ulna, required intravenous access for the administration of analgesia, and would be referred to the admitting orthopaedic team for manipulation of the deformity under general anaesthetic.
METHODS OF SAMPLING
The first blood samples was taken just after the patient was admitted to the A&E department. Morphine (0.2 mg/kg) was then administered intravenously according to departmental protocol. The limb was splinted, usually 
Discussion
It is well recognised from adult studies and animal experiments that a "stress" response follows injury. The sympathoadrenal system responds almost immediately with increases in adrenaline and noradrenaline, and these increases are proportional to the degree of injury severity. This study on children compares well with previous adult studies.lA 6 We found that after non-thermal limb injury in children there is a marked stress response predominately involving increases in catecholamines, cortisol, vasopressin, and glucose. However while the increase in noradrenaline in our study was comparable with that found in adults for an equivalent injury severity score,2' the increase in adrenaline in an important proportion (25%) of our patients was much greater than that found in adults on arrival at hospital. Adrenaline concentrations in adult studies, although increased, was less than 4 nmolI in those with an ISS < 1 L" After thermal injury in children a marked sympathoadrenal response has also been noted," but this was not as great as in some individuals who had sustained mechanical limb injury.
Children appear to vary in the degree and time course of their adrenaline responses to stress and those with very high catecholamine concentrations may merely represent the extremity of the usual response to stress. However, some patients demonstrated very high admission concentrations of plasma adrenaline that tended to persist for several hours despite the administration of analgesia. It is possible that we are observing two different types of stress response in childrenone group with moderate responses that subside towards the normal range quickly, and another group with more extreme responses that persist. The number of subjects in this preliminary study was small and we cannot exclude the possibility that a more powerful study would not minimise these differences.
As some children generate a much greater adrenaline response than adults this suggests that they either suffer a greater degree of psychological stress for a comparable degree of injury, or that they have a much lower pain threshold. Some of the highest concentrations of systemic adrenaline known in man have been found in the umbilical cord blood of neonates after delivery."6 It is possible that the higher values in the first sample after admission are partially a result of intravenous cannulation. This alone might increase catecholamine concentrations. However, one very high initial value remained high when the second sample was taken 160 minutes later when blood was withdrawn through the originally placed cannula. The half life of catecholamines in the circulation is about three minutes,7 18 so establishing venous access probably had a minimal effect when compared with the injury itself.
Little is known about the role of arginine vasopressin after trauma in adults, although increases are well documented in association with hypertension after injury after thermal trauma.8 9 We found increases on admission, though not as great as those after thermal injury.
In this study hyperglycaemia was evident in 25% patients within the first few hours after limb injury. Previous studies on children sustaining burn injury have also established that there are increases in blood glucose in the first 24 hours after injury." The increase in blood glucose was most marked in those sustaining head injury, but alterations also occur after thermal injury. It is possible that some subjects had just eaten before their injury, which might itself result in raised blood glucose concentrations. However, several "stress" hormones may also affect circulating glucose concentrations.' Insulin is responsible for the cellular uptake of glucose and potassium. After injury, there is catecholamine induced suppression of the secretion of insulin resulting in reduced plasma insulin concentrations. Catecholamines also stimulate glycogen breakdown, while glucocorticoids stimulate hepatic gluconeogenesis and inhibit glycolysis.
Although there were significant correlations between some stress hormones and serum electrolytes, the relationships between "stress" hormones and glucose were not as marked as in other studies." 6 7 This may partly be due to the power of this study and partly because the study population involves a narrow and precisely defined group with a specific injury. Previous studies demonstrating correlations between catecholamines and glucose have included subjects with a wider range of injury severity and also in some circumstances included control samples. Consequently the much wider distribution of data results in more clearly defined relationships. However this study clearly shows a stress response, although the relationships are not as clearly defined.
The hormonal values in our second sample all showed a tendency to fall towards the normal reference range when compared with the first sample. These changes in hormonal concentrations followed analgesia and appropriate limb splintage. We are not able from our study design to assess the role of analgesia when compared with time alone in resolving our hormonal changes but this may be worth further study.
While the majority of our potassium results fell within the normal range, four (20%) were low and one was very low (2.2 mmol/l). In adults, hypokalaemia is well recognised after stress states and is due to a combination of the effect of adrenaline and insulin.'9 Adrenaline stimulates l receptors on skeletal muscle with consequent uptake of potassium from the circulation. It is probable that total body potassium is not reduced. Although no patient received any potassium supplement during this study, we found that all serum potassium results returned towards normal within a few hours and only one was just below the normal range at the time of the second sample. As normal reference ranges, by definition, include 95% recorded data from healthy individuals it is to be expected that one data point may lie outside the normal range. No child appeared to suffer any ill effects from this early episode of hypokalaemia.
The statistically significant difference between early and late plasma sodium concentrations needs to be interpreted with caution. In most patients there was either no change in plasma concentrations or a small fall. As a rise in plasma sodium was not evident in any patient the statistical test generated interpreted the result as significant. However, clinically this is of little relevance as the changes were negligible. As no patient received intravenous fluid there is no associated dilutional effect. There may be a small association between the changes in plasma sodium and circulating arginine vasopressin. The changes in arginine vasopressin were more dramatic than sodium but much less consistent. In some patients a rise in arginine vasopressin was evident, while in others there was a fall. Thus the difference between the two groups was not significant cliniL;cal,ly.
Conclusions
This was a preliminary study and its power is small. It investigates the physiological stress response after mechanical injury in children. Children sustain a physiological stress response that in many ways is comparable with that reported in adults. However concentrations of plasma adrenaline in some children are much greater than that found in adults. This area needs further study to correlate physiological changes with validated pain severity scores, to assess the effect of analgesia, to correlate changes with a range of injury severity, and to separate the relative contributions of anxiety and pain after injury. Finally, hypokalaemia in an otherwise normal child appears to correct itself and probably does not require potassium supplementation. 
